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TECHNICAL FIELD 



The present invention relate to methods and materials for 03 
improving gen* expression in euo-ryotir. cells, particularly i„ 55 
Plant calls comprised in mosses, such as moftn protonema ceils. 

PRIOR ART 



10 



15 



20 



In plants, effecting g*r,e amplification strategics is problems lr vc 
duo to silencing events that can be triggered by multi-copy 
integrations of heterologous DNA (A*aad ct a i . (1993) P)snt Mol 
Biol. 27, 1067-1085). Recently, strategies for g«ne amplification 
in plants have been developed Co overcome these limitation*. The 
cis-acting genetic element aps was isolated from a non- 
transcribed spacer region of tobacco rxtoosomnl DNA. This spacei 
; element was fused to importer genes of interest and resulted in 

.increased copy numbers of the heterologous qene of interest and 
in higher expression levels of heterologous proteins there Tr 
(Borisjuk et al . (2000) Mature B.iotechncl. 18, 1303-1306). 



25 



om 



A furthei strategy has bami described by Klimyuk et. al. which 
involved the expression of heterologous proteins vra trans- 
30 splicing (wo 02/097080) . 



> 

CD 

m 



Gene amplification for improving the expression of recombinant 

proteins in mammalian cell cultures is a generally used strategy Q 

(Heclicschka et al. (1996) ProteiJi Expr. Pusif. 8, 358-JG4; ' 2 

Rinqold et al . (198DJ. Mol. Appl . ) . -< 



to date, little is known about the correlation of copy number and 
heterologous gene expression in transgenic moss plants. The use 
of mosses for the production of recombinant proteins is a well- 
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established technology ( &P1206561 , Gor-c et al. 2001, Naunyn- 
Sehmivdehery ' s Arch, Pharmacol. 3 6 J Suppl . : R 85). Typically/ 
anything fxoui 1 to about 50 copies of the transforming plasmid 
may he integrated into the genome of transformed moss tissue 
D (SchaftTftr (200?) Annu. Bev . Plant Biol, 53, 477-501). Depending 
on the design of the transforming constructs employed, homologous 
recombination, thai is, a targeted integration nvont nnd/or 
heterologous recombinaLion, that is, a random or non-targeted 
intcqration event can occur. Thus, by using DNA sequencer (i.e. 

1 0 cotnp r i .s « d o f codi n g or n o n - co di n g t> e que nee 5 ) for t.rancfo r in a t i on 

whieh arc homologous to genomic DMA sequences of a moss can ' 
result in one or more homologous recombination events via 
inl.Hyi.-rit ion of the introduced or transforming DNA into the 
genomic locus of the homologous DNA. Use of hnA sequences (i.e. 

15 compr j sari of coding or non-coding sequences ) for trausf oiu'id lion 

that lack any appreciable homology to a genomic DNA sequence of 
a moan enn i-ennlt in one or more heterologous recombination 
events vio integration of the introduced DNA randomly into the 
genome. Mocs is the only known plant system which displays a high 

20 fjequency oC homologous recombination (fil r«pp wt al« (1998) Proc. 
Natl. Acad. Sci, USA 95, 4368-4373; Schaefer (2002) Annu. Rev. 
Plant Biol. 53, 477-bOl). This apparently unique attribute of 

fnoss**,s has been uftwd for the targeted introduction of cjene« , ) 
However, the amplification of gene expression by increasing the 
^5 ropy number of pi asm rids of intcrcr.t in order to g finer rat r. grant nr 
levels of protein per unit mass of stably transformed moss tissue 
ha- ? not hitherto been described. 

Surprisingly, it has been found that by transforming, typically 
SO co-transforminq cells (protoplasts) of moss tissue with at least 
two heterologous nucJeir acid $Rqu«nces comprising at ledSC one 
set of recombination sequences results in an increase in the 

■ 

integrated copy number of heterologous nucleic acid constructs in 
regenerated t .issue, such gs cells comprised in woss prot nrsnma , 
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which in turn is correlated with an increase of protein 
e.;<p.r. e:s si on levels. 

It is therefore an object of the invention Lo pxovj.de an imptoved 
5 method for th* production of protains of interest in cells 
coinpi i sed in mosG tissue. 

DISCLOSURE OF THE INVENTION 



10 Accordinq to the present invention the.ee is provided a method of 
amplifying gene expression in a moss plant cftll ccimpri. oi ng 



1) providing at least □ first heterologous nucleic acid 

construct comprising al least one heterologous nucleotide 
lb sequence operably linked to a promoter, wherein the said 

construct is flanked at the 5" end thereof by a first 
rHcomb.i n^Lion sequence and ia flanked at the 3 f end of the 
said construct by a second recombination sequence in the 
same orientation as the first; 

- 0 

2) providing at least a second heterologous nucleic acid 

construct comprising at least one heterologous nucleotide 
) sequence operably linked to a promoter, wherein the said 

construct is flanked at the 5 f end thereof by said second 
25 recombination sequence and is flanked at the J ' end of the 

said construct by said first recombination sequence in the 
same orientation as the second; and 



3) transforming into the moss plant cell at least said first 
30 and said second heterologous nucleic ncid con.'-ji- t uci. . 

The skilled addressee will appreciate that once the said at lr^st 
two heterologous constructs are transformed into the moss plant 
cell, such ay a moss protoplast, fox example a Physcomi t rcllo 
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patens protoplast, which is then permitted to regenerate into 
moss protonema, for example of Phyacnmit rella patens, they will 
underqo recombinnt i on with each other many times over. This 
process, once initi.it-.ed in the moss plant cell, increases the 
copy number of integrated transforming DNA constructs of the. 
invent i on therein . 



Thus, as a further aspect of the invention there is provided a 
moaa protonema, preferably protonema of PhyscomltrelJa patens, 
10 comprised of cells stably transformed, more preferably co- 

transformed with at least two complementary constructs of the 
invention * 



Ultimately, significant increases in the* level of heterologous 
15 protein of interest from the at least one heterologous gene of 

interest are measurable over nnd above the levels of protein i;hal 
are measurable in mesa protonema cells from convent ioool 
transforming constructs lacking the feratuces. of constructs of the 
invention. The at least first and the at least second 
?0 recombirjd Lion sequences form a complementary set that make it 
possible for the constructs of the invention to recombi tjk with 
each other. Naturally, the skilled addressee will appreciate thai 
constructs of the invention may be employed in which one or more 
complementary sets of recombination sequences nidy b« u^nd 
25 depending on how many of the ssine or different nucleotide 

.sequences of interest are intended to be ut.i 1 ised for protein 
producHnn, such as 1, 2, 3, 4, or b or more sets. Preferably n 
sinqle complementary not of recombination sequences is used tor 
ease of convenience. 

30 

In a further aspect of the invention there is provided a 
heterologous DNA construct of the invention that comprises in the 
h 1 to 3' direction: 

1) an introduced first recombination sequence; 
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2) at least a heterologous nucleic acid sequence of internet 
comprising a promoter opcrably linked thereto and 
optionally a terminator I he re for; and 

3) on introduced second recombination sequence. 

In a further aspect of the invention thare is provided a 
heterologous DNA construct of the invention that comprises in thfi 
5' to 3 ! direction: 

1) nil introduced second re comb i nation sequence; 
10 2) at least a hetero.1 ogoua nucleic acid sequence of interest 

) comprising a promoter opcrably linked thereto and optionally a 

terminator therefor; and. 

3) an introduced first recombination sequence.. 

lb Thus the two constructs comprise similar complementary 

recombination sequences located at rlj rferent sites therein that 
enable or permit the constructs to recorabine with each other .hi 
situ in transformed moss protonema cells comprised in the moss 
protoncama, for example protonema of Physcomitrella pat&us* 

20 Preferably, the constructs of the invention ar« in linear form. 

Such constructs may of: used to transform moss protoplasts in at 
; least two separate trans form* Lion eventr, whore a first 

trans formation event is separated from a second transformation 
event in time, or the constructs of the invention may co- 
transformed into moss protoplasts which are then permitted or 
allowed to regenerate into moss protonema. Preferably, the 
transformation event comprises co-transforming moss protoplasts 
with at least two constructs of the invention as described above. 

30 

The recombination sequence utilised in constructs of the 
invention may be nny sequence selected from any organism, such as 
from plant genomic DMA, such as from genomic DNA, cDNA, intron or 
exon regions or non-coding regions or any combination thereof, 
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for example/ from Physcomi trel la patenx. Suifab3e genomic UNA for 
u^r n.n recombination sequence may comprise DMA from an exun or an 
in Iron or a hybrid of the two. Preferably the recombination 
sequence is formed of DNA from an iutron or non-coding reyi'on of 
5 DNA. As discussed herein, the u.r j vi\ t at i on of the two flanking 
recombination sequences is preferably in the sam* orientation, 
for example, in the b ■ to 3' direction or in the 3' to 5' 
direction in both of the two transf orming constructs albeit that 
the actual location of the recombination sequencer, wir.hin the two 

10 constructs is different one from the other as alluded to above. 
Naturally, the skilled addressee will appreciate that thy 
hHie/ologous constructs of the invention will comprise 
recombination sequences .i n appropriate position and orientation 
that enables recombination events to occur between the two. The 

15 rwcombi nation nucleotide sequences of constructs of thfi invention 
r.nn bo. of any length provided LhdL they dr^ capable ot causinq or 
permitting recombination events to occur. Suitable Jengthrj for 
the r ecombi nnt i on fioqu$nco6 employed in constructs of the 
invention range from 2b - 1000 nucleotides in length or longer; 

20 from 2F) - 650 nucleotides in length; from 50 - 650 nucleotides in 
ienqth; from 10U - 400 nucleotides in length; or from 200 - 400 
nucleotides in Ienqth, tor example, of about 200 +/- bO 
nucleotides in length. The skilled addressee will appreciate that 
the length of the recombination sequences of constructs of the 

2 5 invention may vary depending on design, 

As a further aspect of the invention, there is provided a moss 
cell comprised of constructs of the invention, moss protonema 

comprised of said moss cells, and/or moss plants comprising 
30 constructs of the invention, particularly a moss protonema cell, 
moss protonema comprised of protonema colls comprised of 
constructs of the invention, and/or moss plants comprised ot 
constructs of the invention tfhat are Ph coml Lrc J la pate/is. 
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Particular aspects of the invention will now be discussed in more 



The term "heterologous" is used broadly below to indicate that 
the gene/sequence of nucleotides in question have been introduced 
into moss protoplasts using genetic engineering, i.e. by human 
intervention. A heterologous gene may augment the expression ot a 
10 procein of interest from an endogenous equivalent gene, i.e. ony 
) which normally performs the same or a similar function, or the 

inserted sequence may be additional ho the endogenous gene or 
other sequence. Nucleic acid heterologous to a coll may hp non 
naturally occurring in moss protoplasts of that type, variety or- 
is species. Thus the heterologous nucleic acid may comprise a 
coding sequence of, or derived from, a particular type ot 
organism/ such as a mammalian .species, e.g of human, ovine, 
bovine, equine, or" porcine species, placed within the context of 
a moss protoplast, such as a protoplast derived from 
20 Physcomi trella patens. A furt.hr: r possibility is lux a nucleic 
acid sequence to be placed within a moss protoplast in which it 
or a homoloquo is found naturally, but wherein the nucleic acid 
; sequence is linked, and/or adjacent to nucleic acid which does not 

occur naturally within the cell, or cells of that type o.r. species 
25 or variety of plant, such as operably linked co one or more 

regulatory sequences, such as a promoter sequence, tor control of 
expression . 

"Gene" unless context demands otherwise refers to any nucleic 
30 acid sncodinq qenetic information for translation into a peptide, 
polypeptide or protein. 



"Vector" is defined to include, inter alia, any plasmid, cosmid, 
phage, or viral vector in double or single stranded lineax or 
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circular form which may or may not be self transmissible or 
mobilixable, and which can transform a pro ka ryot J <_: or sukaryotic 
host and exists extrachromosoma 1 iy (e,g. autonomous replir.atincj 
plasmid Willi an origin of replication). Sp*ci.f icaily included 
5 are shuttle vecLor. s by which is meant a DNA vehicle capable, 
naturally or by design, of replication in two different host 
organising, which may be selected fcom act inumyeetes and related 
specify, bacteria and eucaryot.1 r. (e.g. higher plant, moDnes, 
mammalian, yedst or fungal) cells. 

10 

"Expression vector" refer* Lo s vector in which a nucleic acid \s ^ 
under the control of, and operably linked to, an appropriate 
promoter o.r other regulatory elements for t rnnscription in a host 
cell such as a microbial cell or a moaa protoplast. The vector 

15 may be a bi-functional expression vector which functions in 

multiple hoata. In the case of genomic or subgenomic DNA , rhis 
may contain its own promoter or oth«r rftgi.il a I ory elements and in 
the case of cDNA this may be under the control of an appropriHte 
promoter or other regulatory KlKinent.H for expression in the host 

10 cell. 

A "promoter" is a sequence of nucleotides from which 

transcription may be initiated of DNA operably linked downstream ) 
[I.e. .in the U direction on the sense strand of rionbl c-st rr»ndsd 
2b DNA) . 

"Operably linked" means joined as part of the same nucleic acid 
molecule, suitably positioned and oriented for transcription to 
b« ini tinted from the. promoter, 

30 

The term "inducible" as applied to a promoter is well understood 
by t hosft s k i ] 1 fcd in the a / 1 * In e. s se nee , g xp r h« s j on u n< i r. 1 ie 
control o£ an inducible promoter is "switched on" or increased in 

ie.spon.se I o cii) applied s t i iiiuIujs* The natu/e of th* .stimulus 
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varies between promoters. Some inducible promoters cau.se. little 
oc undetectable levels of expression (or no expression) in the 
absence of the appropriate stimulus. Other inducible promoters 
Cause detectable constitutive axprcr.^ion in the absence of thy 
b stimulus. Whatever the level of expression is in the absence of 
the .stimulus, expression from any inducible promoter is increased 
in the presence of thfi correct stimulus. 



The invention also embraces use of a variant of any of I hese 
10 sequences . A variant protein shares homology with, or is 
) identical to, all or part of the sequences discussed above. 

Generally speskinq, wherever the term is uyed herein, variants 
niAy be ; 



15 (i) naturally occurring homologous variants of the relevant 

p r ut h. i, 1 1 1 



(ii) artificially yeneraLed homoloy ous valiants (de ri v« t j ve-5 ) 
which can be prepared by the skilled person in the liqht of tht=> 

?0 present disclosnre f for instance by site directed or random 
mutagenesis, or by direct synthesis. Preferably th<* vr riant 
nucleic acid, encoding the vaiiant polypeptide, is genera t«d 
) either directly or indirectly (e.g. via one or more amplification 

ol replication stepis) from hh original nucleic acid. ChungRs to 

25 the nucleic acid sequence may produce a derivative by way of one 
or more of addition, insertion, deletion or- substitution ot one 
or more nucleotides in the nucleic acid, leading Lo the addition, 
insertion, deletion o-l substitution of one or more amino acids in 
the encoded polypeptide. Desirable mutation may be random or 

.10 site, directed mutagenesis in order to alter the activity (e.g. 

speci ticity) or stability of the encoded polypeptide. Changes 

may be by way of conservative variation, .i . e. . substitution of one 
hydrophobic residue such as isoleucino , valine, leucine or 
methionine for another, or the substitution of one polar residue 
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for another, such a 53 argtnine for lysine, glutamic for nnpnrtic 
arid, or glutamine for asparagine. Also includfcd are variants 
having non-conservative substitutions. In regions which aie 
critical in determining the peptides conformation or activity 
5 such changes may confer advantageous properties on the 
polypeptide e.g. altered stability or specificity. 

Similarity or; homology in the car** of variants is preferably 
established via sequence comparisons made tiding FAST A and t'ASTF 
10 (see Pearson & L.ipman, 1988. Methods in Enzymoioqy 18??: 6.1 98) . 
Parameter s are preferably set, using the default matrix, ao 
f ol lows : 

Gapopen (penalty for the first residue in a gap) : -12 for 
15 proteins / -16 for DNA 

CapeKi: (penalty for additional residues in n gap): -2 for 
proteins / -4 for DNA 

KTUP word length: 2 fay proteins / 6 for DNA. 

20 Homology may be at the nucleotide Ht^cju*?. nc© and/ or encoded amino 
acid sequence level. Preferably, the nucleic ao;id and/or amino 
acid sequence shares at least about 7b%, or BOi identity, most 
pi. eTerably at least about 90%, 95%, 96%, 97*, 93% or 99% 
identi ty . 

Homology may also be aiiycst'ed by use ot 0 probing methodology 
(Sambroolc et al., 1989). One common formula for calculating thn 
stringency conditions required to achieve hybridization between 
nucleic acid molecules of a specified sequence homology is: T m « 

30 81.5°C + 16.6Log fNa+l 1 0,41 (% G+C) - 0.63 (I formamide) - 
oOU/ftbp in duplex. As an illustration of the. above formula, 
using fNa+] = (0.368) and 50-% formamide, with GC content nf 42% 
and an average probe, si ie of 200 bases, Che T ra is 57°e. The T m of 
a DNA duple* deciedses by 1 - 1 . 5°C with every 17s decrease in 
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homology. Thus, targets with greater than about 75% 3«qoencc 
identity would he observed using n hybridization remperatucp ot 

4 2°C. 



.« use in moss plants 

as described below, in its various aspects, t-h* invention will 
generally he employed on moss protoplasts, us.ing nucleic acids 
encoding proteins of interest. 

10 

) Suitable promoters which operate in moss protoplasts include the 

Cauliflower Mosaic Virus 35S (CaMV 35S). Other examples are 
disclosed at pg 1J>0 of Lindsey & Jones f 1989) Plant Bi oLechnolocjy 
Aqricul ture® Pub. OU Press, Milton Keyne*, UK , The promoter 
15 mny be selected to include one or moifi sequence mot. iTs or 
elements con Cerring developmental and/or tissue -specif ic 
regulatory control of expression. Inducible plant promoters 
include Lhe ethanol induced promoter of Caddick et al (.1998) 
Ndl-ure Biotcchnoloyy 16: 177-180. 

A terminator is contemplated n.q n DNA sequence at Lhe end of a 
t iwisc-Liptional unit which signals term:! nation of I. r.n inscription . 
) These elements are .1 ' non-L lanslated sequences com wining 

pclyadcnylation siynals, which net to cause the addition of 

25 polyadenylate flp.quences to the 3' end of primary r./anacripts . Foi 
expression in plane cells the nopaline synthases transcriptional 
terminate)/. (A. Depicker et a l., 19U2, J. of Mol . & Applied Gen. 
1:501-573) sequence may serve as a transcriptional termination 
siqnal, as can the CaMV 35S terminator (Tttpfer et al . (1<)R7) NAR 

?0 15, 589U) . 



If desired, selectable genetic markers may b« 'included in furthe 
conventional constructs, such ,15 circular plasmidfi or in further- 
linearised DNA constructs that are co- transformed into a moss 
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cell of Che; invention, such s.s those that con far selectable 
phftnotypes such as resistance* to antibiotics or herbicides (eg. 
kanamyein, hygromycin, phosphinot ri cin, chlor sulfur on, 
mfithoLiyxate, gentamycin, ypectinomycin , i mj dazolinones d<»d 
5 qiyphoGate) . 

The pres«m Invention also provides methods comprising the 
introduction or such constructs comprising appropriate 
heterologous sequences into a mofss plant cell and/or induction of 
10 expression of a construct of the invention within a moss plant 

mil, by application of a suitable stimulus e.g. an effective ^ 
exoqenou.s inducer* Suitable moss plant cells include i he moss 
protoplast, and cells comprised in the proiouema, such as those 
dex Ived from PhyscomJ t nella patens. 

i'j 

Nucleic acid can be introduced into moss protoplasts us.i ng any 
suitable technology, such a.* PEG-mediated DNA uptake an herein 
described, particle or' mioroprojectile bombardment {UP 5100792, 
EP-A-444882, EP- A- 4 3 4 61 6 ) microinjection (WO 92/09696, WO 
?0 94/00583, EP 33108.3, p.p 1 75966, Green et si. (1937) rJ*nt Tissue 
and Cell Culture, Academic Press), elect" r operation (Ef 290 J3b, WO 
870GG14 Gelvin Debeyser) other forms of direct Dna uptake IDE 

4005152, WO 9012096, US 4684611), liposome mediated DNA uptake ) 
le.g. Freeman et Plant Cell Physiol. 29: 1353 (1984)), or the 

25 vorLexinq method (e.g. Kindle, PNAS U.S.A. 07: 122H (1990d)- 
Physical methods for the t ransf ormn t ion of plant cells are 
reviewed in Oard, 1991, Biotech. Adv. 9: 1 11. 

F.1 «c:l-roporation f PEC-mediated DNA uptakw and direct DNA uptake 
30 are preferred. Especially preferred is the modified PEG mediated 
DNA uptake procedure as disclosed in the examples herein. 

-v. 

The particular choice of a transformation technology will be 
determined by its efficiency to transform certain moss speci ft* as 
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well as the experience and preference of the person practising 
the invention with a particular methodology of choice. It win be 
apparent to the skilled person that Lhe particular choice of a 
transformation system to introduce nucleic acid into moss 
n protoplasts is not essential to the invention. However, the use 
of the t v £G-mediatod DNA transformation system as described herein 
is preferred. 



Thus various aspects of the pr*>H«m.. invention provide h rnHl hod of 

10 I r/an.s forming a moss protoplast involving introduction of a 

ocjon:? riijr.1, c:ic t^i.id" b 3 scud construct of the Invention t^s 
described hfirnin into a moss protoplast and reqeneration ot the 
protoplast into protoncma tissue and causing or allowing 
expression of pro Lei n from the constructs of ths invention,- Thus, 

15 the skilled ddrifftsafte may expecn that expression ot protein 

targeted to the cytosol or other cellular compartments can be 
improved by us.i rig constructs and methods of the invention. 
Preferably, recombinant proteins produced by th« rciHt hod?* of the 
invention are secreted into the: medium from stably transformed 

20 protonemal tissue- 
Thus, by employing the at least two constructs of the invention 
j as hereinde scribed, production line? may be generated harbouring 

high copy numbers of the target gene which in turn results in 

:5 high protein yields over the cultivation peiiod in d suitable 
bioroactor . 



Choice of genes to enhance 



30 Genes of internal Include those encoding proteins which are 
themselves, natural medicaments such as pharmaceuticals ot 
veterinary products. 



Heterologous nucleic acids may encode f inter alii?, g<snc:S of 
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M 

bactexial, fungal, plant or anlma.1 origin. Polypeptides produced 
may he utilised for producing poiypepl ides which can be purified 
therefrom lor use elsewhere, Such proteins include, but die not 
limited to retinoblastoma protein, p53, angiostatin, and leptin. 
Likewise, the methods of the invention enn he used to produce 
mammalian regulatory proteins. Other sequencer of interest 
include proteins, hormones, suoh as follicle stimulating hormontr., 
growth factory, cytokines, serum nlbumin, hacmoy 1 obin, collagen, 
Ihdimiatin, t hauma I. i n-like proteins, epidermal growth factors such 
as VECF, heterodimers , nutibodies, immunoglobulins, fusion 
antibodies and single chain antibodies. 



") 



Expzvssion of target ge.fi cs 

is Generally speaking, heterologous nucleic acids may be expressed 
by any appropriate process used in the art ox they may be 
transcribed or expressed as follows: 

m 

(i) expression of 'naked' DNA a . g . comprising a promoter openably 
20 .linked to the heterol ogous sequence in a construct ot the 
invention, 



30 



(li) expression from an expression vector, such as a replica Liny 
vector. Generally speaking, those skilled in the art are well 
able to construct vectors and design protocols tor recombinant 
gene expression. Suitable vectors can be chosftn or constructed, 
containing appropriate regulalory sequences, including promoter 
sequences, terminator fragments, polyadenylation sequences, 
enhancer sequences , marker genes and other sequences a.s 
appropriate. E'or iurthei details see, for example, Molecular 
Clanjny: a Laboratory Manual: 2nd edition, Sambrook eL al, 3 989, 
Cold Upring Harbor Laboratory Press or Current- Protocols in 
Molecular Biology, Second Edition, Ausubel et al . eds . , John 
Wiley 5 Sons, 19y2 . 



) 
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As discussed above, the present invonhors !?how Lhdt enhanced 
expression from const Luets of the invention introduced 
(pieferably at high level. s) .into the protoplasts ot a moss, 
prefeiably at hiqh cell density, such as Phy-sccwaitreiJa patens, 
5 which constructs are integrated into the genome give, rise to 
transcribed mRMA . 

Thus in one aspect of the invention there is disclosed use of a 
transformed moss protoplast capable of generating iuRNA encodinq a 
10 target protein generated by transcription from an introduced 
) nucleic acid construct of the invention including rhe target 

nuclt-tol. Lde sequence operabiy linked to a promoter, which 
construct is introduced into I he cell of an organism. 



15 The "introduced nucleic ncid" will thus include the heterologous 
nucleic acid sequence as a DNA sequence provided in the form of a 
construct ot the invention that !i S capable oC giving rise to the 
product i on of extracellular protein at an elevated level relative 
to the level of protein production norma 3 J y associated with 

-0 stable transqene expression of the said DNA sequence. In one 

aspect of the invention, the heterologous nucleic acid sequence 
may encode a protein that is made up of a signal =inrt/ar a transit 
peptide coupled to Lhe protein or polypeptide sequence of choice. 

25 The reporter can be any detectable protein, .such as a marker 

gene, commonly used in the art such as GUS, CFP, Inc. i f srase etc. 
Preferably, the reporter is a non-invasive marker such aw GIT or 
lucif*?. r dse . 



in N.-irurally, the mnn skilled in the art will recognise that more 
than one heterologous nucleic acid sequence may be used in the, 
or each, construct of the invention, although a single sequence 
in each case is preferred. Multiple vectors (each including one 
or more nucleotide sequences encoding heterologous pLOtein of 
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choice) may be introduced into the moss protoplasts via PEG 
mediated DNA uptake: mnthods as described herein. This «;ay be 
uscjful tor producing p.g. multiple, subunits e.g. of an enzyme. 

r » Tn a further embodiment of I he invention high IhvhIs of fully and 
cotxHcc assembled proteins consisting of multiple aubunitr, can be 
□ chi«ved by influencing the stoiehiomet ry of tha different coding 
nucleic acid sequences integrated into the genome. 
The o mount ot proper assembled protein that consists of multiple 
subunits ic dependent on the sLoichiometry of the su&units on the 
protein level, in che case of aubunits which have to bo targeted ^ 
to different compartments via signal peptides e.g. to the 
secretory pathway, the stoichiometry is not only influenced by 
the expression derived from e_.y, promoter and transcriptional 
13 siynnls but also by the targeting signal and processing of 

targeting signal , e,g. proper cleavage of the signal peptide. Tn 
this aspect o± the inveriLion use of non-equ \ molar quantities of 
the nucleic acid sequencer, coding for the different subunits may 
be appropriate fot luultimeric proteins, e.g. for imumngl obulins . 
20 Non-equimolar quantities of coding nucleic acida resulting in 
proper stoichiometry of multiple aubunits of a dime r in or 
luultimeric protein can thus be achieved by providing 

appropriately designed constructs of the; invention that enable. ) 
correct assembly of the different subunits. 



25 



30 



Ar, described in the Examples below, expression of heterologous 
sequences using methods of the invention when introduced in this 
way can give very high levels of target polypepl Lde over the 
course of the expression period, which will generally be several 
days, depending on the precise mel-hods and materials employed. By 
using the methods o.C the invention as herein described, high 
levels of heterologous polypeptide production from stably 
incorporated constructs of the invention irom regenerated 
transformed, preferably co-transformed protoncma can be achieved. 
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All references ciiscnr.scd herein, inasmuch as they may be required 
lu supplement the present disclosure, are iucorpora ted herein in 
their entirety Dy reference. 

5 The invention will now be further described with reference i;o tlie 
following nnn-1 imi t ing Figures and Examples. Other embodiments 
of the invention will occur to those skilled in the art in th« 
light of these . 

10 EXAMPLES 

) 

Methods and Materialg 
P lant ma t ogial 

15 

The wild-type strain of Phyxcamltrtzlla p&t&no (Hedw.) B.'S.U. 
(Ftaskj et al . 1994) is U3ecl, It is a subculture of strain 16/14 
which was collected by H.L.K. Whi rehouse In Guansden Wood, 
Huntingdonshire, UK and propagated by Engel (J.90>U). 

20 

Co nstruction of vectors 
Construction of pRTlQ 1VEGF C3 

) 

25 Human vdSCular endothelial growth factor 121 (VEGFm) cDNA 

without leader sequencer: is excinod 51:3 an NdeT-SsilI fragment from 
pCV'TEXF-VEGf'iji (GUI- 1 , Braunschweig, Germany) . This fragment is 
blunted by the Kleriuw reaction and introduced into pRTlOl (Topfer 
t?l al. al rhe Smcil restriction site to form plasmid 

30 pKTlOlVFlGF C3. In thia construct, the VEGl : m cUNA minus leader 
sequence was placed downstream of the CaMV 35 S promoter and 
behind the CaMV terminator (Corr, .1 999) - 



35 
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Construction of pRTlOlTBVEGF C3 

The sequence for VEGF signal peptide (sorting signal for 

secret ion) is cloned into pRTlOlVEGF C3 . The signal peptide. cDNA 

is amplified from the plasmid pRTlOl P21(Gorr / 1990) using the 5' 

primer MoD323 (5'- ATA CTC GAG GAA GAT GAA CTT TTC TGC CTG TCT 

TGG 3', ShiU ID NO 1) containing an Xhol restriction side and 3' 

primer MoD34 9 (5 l - CTG CCA TGG GTG CAG OCT GGG ACC AC -3', SF.Q 

ID NO 2) containing Ncol restriction side. The amplified DNA is 

diqeslwd with Xhol and Ncol and ligoted into pRT.101 VEGF CJ I Xhol 

/ Ncol digested) resulting in pRTlOlTPVEGF C3 . The resulting ) 

plasmid contains the codinq sequences for the VFGF signal pept.ide 

and VEGF L21 in frame under control of the CaMv 35 S promoter. 



Clonin 



g procedure for 5' first recombination sequence into pRT99 



Til* ?b0 bp 5* sequence of the 5 ch intron: (b'- 

G C GGAAAT GT T CAG AGT T AAG C. G A AAT CACAACTAAAAGAG AT T G GAAGCAGAAGAA T T 

lid TTTGAGCAGCTGTTCTraATTCACGCAACGACAACGCTATTAACTGTA'rUTGTAGACGAT 
GCACTTTCGTACTGAAGGGATCTAAATTTATTATATCCCTTL-Al'AACTAGAGGCAAGGCG 
Cn A AA T C AC AAAAC TAT TG G T AC C TACG T AC TAC AGCC T C C AG G A TC AAACAT A AG AG T G A 

A AC A C T G G AC C -3 ' , SEQ ID NO 3) Of the alph* 1 , 3-fucosyl Lransf erase 
gene of FAyscojni trel J* patens is amplified from qenomir DNA of 
:5 PhyscomJ l.rella parens by P/u -proof -reading PGR (Promcga, Germany) 
using the upstream primer Recl_SalI_$acII ( D ' -GAG GTC GAC CCG CGG 
AAA TGT TCA GAG- 3 ' , SEQ ID NO 4) and the downstream pr Uier 
Reclame I { 5 ' -CTC CCC GGG TCC AGT GTT TCA CTC-3', SEQ ID NO 5) . 
After restriction of the resulting amplification product with 
Sail and SmnI it its cloned into the vector pRT99 (Topfer et al . 
1900) (Sail aiui Sm&i digested). The resulting plasmid plU'99Recl 
contains the 5' tirst recombination sequent*. 



) 



^5 
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C loning procodurQ the- 3 1 aecond racQmbinatipn gegiience into 

pRT99Rccl 

The ?A)H bp 'A ' sequenr.fi of th* L i ch inlron: ( D ' - 
5 CCG AC C C AAG C G TAAG AAG TCT T AT G AAAAAG T T AC C TC AC AG AT T AAAAC T AAAO AT A G G A 

AAATACCAATGCArTCCAATGTrtTCAATRAGATTAACGCTTGACTAACATGAAAATATAA 
ATAT TCAC CGAATGAAAG AAAT TAG AAAACAG CACCTGTAG AT TG TAAG AG AT AC ATT C T 
TCAGTTACAAACACAAATGATTCTCC -3', SEQ ID NO G) of the alpha 1,3- 
t ucor.y 1 1 ransf? nrasc geme of Phy.*;r:o/nj"t:rel2a pa tans is amplified 

10 from genomic DNA of Physnnmi trQj 1$ patcsns by Pfu-proof -reading 
PCR (Promega, Germany) using the upstream primer Recll_SmaI ( b 1 - 
GAG CCC GGG ACC CAA GCG TAA GAA SEQ ID NO 7) dnd the 

downstream primer Re.oJl Khi:II_SsTII ( 5 ' -TCT GAG CTC CCG CGG ACA 
ATC ATT TCT GTT TC-3 ' , SEQ ID NO 8) . After restriction of the 

15 resulting amplification product with Sm&\ and .S'.yti it is cloned 

.into the vector pFT99Fecl (SmaT ,nnd $3tT d i qr.r>tc.d ) . The resulting 
pldsuud pR'l'99J : (ecll contains the 5* first and the 3' second 
recombination sequence . 

"0 Construction of pRT99TPVEGFF.ecl 

T1ih KxptftSfiion cassette containing the CaMV 3bS promoter, 
TPVEGF12 1 and CaMV 35S terminator i x e.vrcSswd a.s a Pst I fragment 
from pRTlOlTPVEGF C3 . This fragment is blunted by the Klenow 
25 reaction and introduced into the Srnal digested and 

dephosphorylsted plasmid pRT99Recll resulting in the plasmid 
pKT 9 9 T P V hiG E'Re c 1 . 



BO 

Cloning procedure for 5 f second recombination seque nce int o pRT99 

Th« 20H bp 3' sequence of the 5 rb intron; {5'- 

GG GAC C C AAG C G TAAC AAGT CT T ATC AAAAAGTT ACC TC AC AG/vTT AAAACT AAAC/vT AGG A 
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A A AT ACC AAT GC AC TC CA A TG TG TC AATG AG A TT A ACGC T T C ACTAAC ATG A AAAT ATAA 

ATATTCACCGAATGAAAGAAATTAGAAAACAGGACCTCiTAGATTGTAAGAGATAGATTrT 
TGAGTTAGAAACACAAATCATTGTCC -3', SEQ ID NO 6) 0 f the Alpha 1 , 3- 

tucosyltransferasK gene of Phyacomit rella patens is amplified 
from genomic DNA of P/}y«ccwii trcll.i patens by Pjfu-proof -reading 
PGR (Promega, Germany) using the upstream primer 

I<*c2jJaiI_S»cTI{5' GAG GTC GA.C CCQ CGG ACC CAA GCG TAA RAA G-j', 
SF.Q ID NO 9) and the downstream primer Rec2 Smal (5'-TCT CCC GUG 
AC A ATC ATT TGT GTT TC-3', SEQ ID NO 10). After restriction of 
Lh<- resulting amplification product with Soil and SmxT it is 

cloned into the vector p^TSS (Topfftr et al. 19R8) (.Sail and &i,cfl *) 
digested). The resulting plasmld pRT99Hec2 contains Die 5' second 
r e combi nation r, <?.gn e n ce . 



Cloning procadiire for 3 ' first rftcombination 3ecpiQnce into 

■' ■ ' 1 ■ — \ ----- ■ ■ 



The 250 bp 5' sequence of the b Lh intron: (V~ 

GCGGAAATCTT C A.GAGTTAAGCGAAAT CACA ACTAAAAGAGATTGGAAGCAGAAGAATT 
?0 TTT(JAGCAGCTGTTCTTAATTCACGCAACGACAACGCTATTAACT(;TATf;TGTAGACGAT 
GCACTTTCHTACTGAACCGATCTAAATTTATTATATCCGTTCATAACTAfiAGGCAAGGCc; 
G AAATCAC AAAAt ;T AT TGG T AC C T ACG T AC TACAGCOT C C ftG G ATC AAACA! AAG AG TG A 

AACACTGGACC -3', SEQ ID NO 3) of the alpha 1 , 3-fuoosyltransfnr.-i.se 
gene of Physcomi I; rella patens is amplified trom genomic dna of 
25 Physcomi t rella patens by Pf u-proof-readi r.9 PGR (Promega, Garmciiiy ) 
using the upstream primer Rec22 SmoI(5' GAG CCC GGG AAA TGT TCA 
GAG TTA AGC G-J\ SEQ ID no 11) and the downstxeani primer 
Rec22 SocII_SstI (b'-TCT GAG CTC CCG CGC TCC AGT GTT TCA CTC TTA 

TG-.V, SZO ID NO 12). After restriction ot the resulting 
30 amplification product wil.h Swal and Sstl it is cloned into the 

vector pRT99Rec2 (Smal and SstI digested) . The re&ultinq plar>mid 
pRT99Rec22 contains the 5' second and the 3 1 first recombination 
sequences . 
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Construction of pRT9 9TPVEGFRec2 

Thft Hxprftssion CrisseLt.e contain i. ncj C.aMV 35S promote. i , TPvP'.ftPim 
and CaMV 35S terminator is excised as a PstI fragment from 
S pRTlOlTPVEGF C'A . This fragment in blunted by the Kicnow rfinchon 
rind introduced into the Smal digested and dcphosphorylated 
plasmid pRT99Rec22 rosultinq in the plosmid pRT99TFVEGFRGc2 . 
Restriction of pRT99TPVfciGFRccl and Rec2 with Sacll or sail and 
SscI results in linearisation ot the first and the second 
10 he t e r o 1 oq o us nuclei c d c i < i s sqi j e n ce s compr i 5 i ng t he re comb i is a r .i. o i \ 
) sequences nnd the hr.rorologous nucleic acid sequences of interest" 

comprising a promoter operably linked thereto. The lineaxised 
net eroloqous nucleic acid sequences are used for transformation 
of moss cells. 

15 

Standard culture conditions 



Planes are grown axenically under sterile conditions in plain 
inorganic liquid modified Knop medium (1000 my/1 Ca(NO^)^ x 4H 7 G 
20 '250 iug/1 KC1, 250 mg/1 KH 2 P04 , 250 mg/1 MgSO« x "I H 2 0 and l^.b 



rng/i FcSO< X 7 H^O; pH 5.0 (Reski and Abel ) . Plants are 

grown in 500 in) F.rlenmeyer flasks containing 200 ml ol culture 
medium and the flasks are shaken on a Certowat ft .shaker (B.Brann 

?5 Biotech International, Germany) set at; 170 rpm. Conditions in the 
growth r.hnmber are 2 5 +/- 3*C and y Light: dark regime of 10:8 h. 
The iiasks are illuminated from above by two fluorescent tubes 
(Osraut L 58 W / 270 providing 'lb pmols"^" 2 . The cultures are sub- 
cultured once a week via diyiiiteyrat ion using an Ultra-Turrax 

30 horoogenizer (IKA, Staufen, Germany) and inoculation of two new 
500 ml Eilenmeyer flasks containing 100 ml fresh Knop medium. 
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Protoplast isolation 

Pre-culture of moss tissue for optimal protoplast isolation. 
Mosses (especially rhyscomi ttrel la p#ten$) can be pre-cultured 
5 onder' diff^ient conditions to obtain optimal proLopla:>t-: yields: 

I. RuUier et al. 199-1 cultivated moss tissue for i rioys in Knop 
medium with reduced (10*) Ca(N0 3 ) 2 content. Cultures are fi Itfre.rl 

3 or 4 days after disintegration and are transferred into fresh 
10 Knop medium with .reduced (10*) CalNCM? content. 

II. instead of reduction of Ca(NOj)^ the medium for pr*- culture 
can be supplemented with 5 mM ammonium tartrate or the pH can l>« 
alLei^ci to 4-5 (in liquid cultures with uncontrolled pH-valu<=>r; an 
avcr.ige pH of 5.8 Is reached for modified Knop medium) . Cultures 

15 are filtered J or 4 days after disaggregation of tinrniR and are 
transferred into fresh modified Knop medium (supplemented w i I. h 5 
niM ammonium fcririrrrite or altered to pTl 4.5) . 

III. Hohe and Reski (2002) optimised culture conditions in m 

:*<> semi •• continuous bioreactor to obtain high yields of protoplasts. 
Isolated protoplasts of high yields ere obtained either by 
supplementation of modified Knop medium (Keski and Abel 1905) 
with 460 mg/1 ammonium tartrate or under controlled pH-values 

2 r > with a setpoint of 4.5 (in bioreactor cultures with unctontrnl] «d 
pH-values on average pH of 5.8 is reached for modified Knop 
medium) . 



30 Different protocols for the isolation of protoplasts (Grimsicy et 
al. 19//; Schaeter et al. 1991; Rother et al. 1994; Zeidler et 
al. 1^99; Hohe. and Reski 2002, Protocol Schaefor P00J ) and for 
transformation (Schaefet et al, 1991; Reutter and fteski 19*)^, 
Protocol Schaefer 2001) have been described for Physcomltrellj 

^ ■ pd L h n .s - 
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For the- work presented herein, a rood if icat i on/ comb i r»yl i on of I he 
previously described methods ic used: 

After filtration the moss proloneiuata ore pieincubated in 0.5 M 
5 11141111 i I ol . After 30 min, 4 % Driselase (Sigma, Deisenhof en, 

Germany) is added to the .suspension. DriselH.sw is dissolved' in 
0.5 M mannitol (pll 5.6-5-3), centrifuged at 3600 rpm for 10 man 
and sterilised by passage through a 0.22 urn filter (MlUf-x CP, 
Mill. Lpore Corporation, USA) • The suspension, containing 1% 

10 Driselase (fjnal cioncentratiou) r is incubated in the dark at PT 
and agitated gently (best yields of protoplasts are achieved 
a Tier. 2 hours of incubation) (Protocol schaefer 2001). Thw 
suspension is passed through Gieves (Wilson, CLF, Germany) with 
pore sizes of 100 jot .^nd 50 pm. The suspension is centrifuged in 

15 sterile centrifuge tubes 3nd protoplasts are sediment ed at RT For 
10 min at 55 y (acceleration ot 3; slow down nt 3; Mulr.ifuqo 3 S- 
R, Ke.ndro, Germany) (protocol Scbaefer 2001) . Protoplasts are 
qwriLly re-suspended in medium (125 mM CdCla v ?li r O; 137 itlM 
NaCl; 5.5 mM glucose; 10 mM KCl ; pH 5.6; 660 680 mOsm; sterile 

20 filtftrHd) . The suspension is centrifuged aqain at KT for 10. min 
aL 55 g (acceleration of 3; slow down at 3; Mnlfifuge 3 S-R, 
Kendro, Germany), Protoplasts are gently i e-suspended in W5 
medium (Rot: her et al . 1994). For counting pro top] as t hi n small 
volume ot the auspeus.i on is transferred to a Fochs-Ro.nr.nr.hal- 

2 5 chamber . 



Transformation protocol 

fc'oi transformation protoplasts are incubated on i c.:ft in the dark 
30 for JO minutes. Subsequently, protoplasts arp sedimented by 

centrifugation at RT tor 10 min at 55 g (acceleration of 3; slow 
down at 3; Multifuye 3 S-R, Kendio) , Protoplasts are re ■ suspended 
in 'M medium (15 mM CaCl 2 x 2HzO; 0-1 % MES; 0.4 3 M mannitol; pM 
5.6; 540 mOsm; sterile ti) ter.ed, Sctiaefer et al . lf>01) at a 
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concern ration of ].? x 10* protoplasts / ml (Reutter and Reshi 
10?6). 250 pi ot this protoplast suspension die dispensed into a 
new sterile centrifuge tube, 50 jil DNA solution ot both 
constructs, pRTSWPVRGFRecl and pRT99VEGFRec2, and ihe vector 
containing the selection marker (column purified DNA in n 2 o 
(Qiagcn, Hidden, Germany); 10 100 pi; DMA amount ot .10 pg pen 
ronstruct; 10 pg of the vector containing the selection markei) 
is- added and finally 250 pi PEG -solution (4 0% PEG 4 000; 0.4 M 
mannitol; o.J m Ca(N0 3 );; pH b after wutoclavJngj is added. 'The. 
suspension is immediately but gently mixed and then incubated foi 
6 min ar. RT with occasional gentle mixing. The suspension is ) 
diluted progressively by adding i, 2, 3 and 4 ml of 3M medium. 
The suspension i« centrifuged ar. ?0°c for 10 minutes at 5.1 g 
(acceleration of 3; slow down at Multifuge J S-R, Kendro) . The 
IS pellet is re-suspended .in 3 ml regeneration medium. Selection 
procedure if, performed as described by Strepp fit al . (1998). 



10 



'•0 



DNA analysis 



DNA analysis of stably transformed plants is performed as 
inscribed by Strepp et ai. (1998). Estimation of copy number is 
performed by Southern foloL analysis and comparison to a sLdbly 
transformed plant containing one copy of the. heterologous DNA, 

Assa ys 

Quantification o£ re c onto in ant VEGF 12 i 

30 Recombinant VEGF, 2i expressed by stobly transformed mnss plants is 
quantified by F.T.TSA (R&D Systems, Wi flsbaden, Germany). The EL1SA 
is performed according to the .instructions of the manufacturer. 
The samples can be diluted tor quantification, 

3 5 
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Results 

For rsrobly transformed plants the actrimahion of high copy number* 
of integrated constructs fiftrrelales with high yields of 
5 ro comb i n o n t p r o t e i n . 
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Claims 



1. A method of amplifyiny gene expression in a moss plant- r.Pl.i 
compri sing 

.1 ) providing nt least a first hftfcorologous nucleic acid 
construct comprising at least one heterologous nucleotide* 
sequence operably linked to a promoter, wheiKln the said 
construct is flanked at the 5 1 end thereof by a first 
recombination sequence and is flanked at the 3' end of the 
said construct by a second recombination sequencr in Lhe same 
orientation as the first; 



15 ?) providing at least a second heterologous nucleic acid 

construct comprising at least one heterologous nucleotide 
sequence opKrribly linked to a promoter, wherein the said 
construct is flanked at the. 5' end thereof by saJd second 
recombination sequence and is flanked dt: Lh« 3' end of the 

-° said construct by said first, recombination sequence in the 

same orientation as the second; and 

3) transforming into the moss plant cell at least said first 
7 and said second heterologous nucleic acid construct. 



2. A method according to claim 1 wherein the said at least first 
construct and the said dt least second construct are co- 
tran.s Tunned into a moss protoplast. 

30 3. A method according to claim 1 or claim 2 wherein the wdid 

first, construct and the said second construct is comprised of at 
least one set of complementary recombination sequences. 



35 
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A , A method riccording to any one of the pj er;ed.i ncj claims wherein 
the recombination sequences are derived or selected from genomic 
DMA, cDWA, intron, a non -coding region or *n exon or any 
combination thereof . 

5 

5. A method according to claim 4 wheieJn the re comb i nal i on 
sequence is selected Team an intron or. non- cod i n<j r. e<j :i o.n . 

6. A method according to claim 4 or claim 5 wherein the length of 
.10 the recombination sequences is from 25 to 1000 nucleotides long. 

7. A method according to claim 6 wherein r.he length of the 
recombination sequences is from 50 - 050 nucleotides lonq. 

lb 8. A method according to claim 7 wherein the length of the 
recombination sequences is from 100 - 4 00 nucleotides lonq, 

9. An heterologous DNA construct o± the invention that comprises 
in the 5 1 Lo 3' direction: 

'•0 1) an introduced first recombination sequence; 

2) at least s heterologous nucleic acid sequence of interest 
comprising a promoter operably linked thenel.o nnd optionally a 
terminator therefor.; and j 

3) an introduced second recombination sequence. 

10. An heterologous DNA construct of the invention r.hat comprises 
in Che 5' to 3' direction: 

1) an introduced second recombination sequence; 
;:) at least a heterologous nucleic acid sequence or i merest 
30 comprising a promoter operably linked thereto and optionally o 

terminator therefor; dnd 

A ) an introduced first recombination sequence. 
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11. DNA constructs according to claim 9 and claim 10 wherein r.he 
jrecyinoinaUon sequences of steps 1} and 3) respectively are 
complementary ho p.ach other and are oriented, in the same 
direction . 

5 

]?.. A DNA cons tract according to any of claims 9 to li wherein 
the construct is a linear DNA construct. 



13, A mor.s coil transformed with at least twu complementary UNA 
10 constructs accordinq to any one o£ claims 9 to 

) 

14. A moss cell according to Claim 1H which is a moss protoplast 
or a moss protonema ce.1 1 . 

15 15. A mo5sn cell accordinq to claim 14 which is derived from 
Phys c ami trella pa t en s . 

16. Moss protonema tissue comprised of cells transformed with at 
least two constructs according to any one of claims $ to 12. 

17, Use of moss protonema cells transformed with DNA constructs 
according i.o any one of claims 9 to 12 in thy production of 

j protein r.heretrom. 

25 10. Use according to claim 17 of moss protonema cells; derived or 
selected from Pliy$cntnit.r&±la patens that ©re transformed with at 
least two DMA constructs carrying at least 1 a shI. of complementary 
recombination sequences . 
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SEQUENCE LISTING 

<110> yreenovation Biotech GmbH 

<120> Protein Production Method 

<V50> 1061 

*:140> 03017343.9 
<141> 2003-07-31 

<160> 12 

<170> PAlentln Ver. 2.1 

<210> 1 
<2ll> 36 
<212:> DNA 

<?\i> Artificial Sequence 
<220> 

<22 3> Description of Artificial Sequence: Primer mos323 
\ <400> 1 

atactcgagg aagatgaact tttctgectg tcttgg 36 



<210> 2 
<211> 2G 
<<212> DNA 

<213> Artificial Sequence 
<220> 

<:223;> Description of Artificial Sequence: Primer mob349 
<400> 2 

ctgccatygy tgcagcctgg gaccac 2fi 



<210> 3 
<211> 250 

<212> DNA 

<2H> Physcomitrella patens 
<220:» 

<2?1> intron 
<222> (1). .(250) 

<223> V sequence of the 5th intron of the alpha 
1,3-fucosyl transferase gene 

<400> 3 

gcggaaatgt tcagagttaa gcgaaatcac aactaaaaga gaitggaagc agaagaattt 60 

ttgagcagct gttcttaatt cacgcaacga caacgctatt aactgtatqt gtagacgatg 170 

cnctttcgta ctgaagggat ctaaatttat tatatccctt cataactaga ggcaaggcgg 180 

aaatcacaaa actattggta cctacgtact acagcctcca ggatcaaaca taagagrgaa 240 

acactggacc " ~ 250 



<210> 4 
<21I> 27 
<212> DNA^ 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Upstream 
primer- Recl_5al l_sacll 

<400> 4 

gaggtcgacc cgcggaaatg ttcagag 27 
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<7 3 0> 5 
<211> 24 

*:2l2> UNA 

<213> Artificial Sequence 
<220> 

•*223> Description oF Artificial Sequence: Downstream 
primer Recl_Smal 

<400> 5 

ctcccrgggt CCagtgtttc actc 24 



<210> 6 
<?ll> 208 

<212> DNA 

<213> Physcomi trella patens 
<220> 

<221> intron 
<222> (1) . . C?08) 

<223> 3' sequence of the alpha 1, 3-fucosyl transferase 
gene 

<400> 6 

gggacccaag cgTaagaagt cttatgaaaa agttacctca cagattaaaa ctaaacatag GO ■ 

gaaaatacca atgcactcca atgtgtcaat gagattaacg cttgactaac atgaaaatat 120 

aaatattcac cgaatgaaag aaattagaaa acaggacctg tagattgtaa gagataqatt 1.80 

cttgagttay aaacacaaat gattgtcc " 208 



<210:> 7 
<211> 2S 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: upstream 
primer Recll_5mal 

<4()()> 7 

gageceggga cccaagc.gta agaag 25 



<210> 8 ) 
<211> 32 

<212> UNA 

<213> Artificial Sequence 
<220:> 

<223> Description of Artificial Sequence: Downs L ream 
primer ReclL.5aciI_.S5TH 

<400> 8 

tctgagctcc cgcggacaat catttgtgtt tc 32 



<210:> 9 
<211> 31 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223* Description of Artificial sequence: upstream 
primer rcec2_Sal l_Sacil 

<400> 9 
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<210> 10 

<211> 26 

<212> DNA 

<213> Artificial Sequence 
<,220> 

<223> Description of Artificial Sequence: Downstream 

. primer Reci!_Smai 

•:400> 10 

rctcr.cggga caatcatttg tgtttc 



26 



<2±0> 11 
<2H> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence; Upstream 
primer Rec22__smal 

<400> 11 

gageceggga aatgttcaga gecaagrg 
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<210> 1> 

<211> 35 

<2l2> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial sequence: Downstream 

. primer Rec22_SacII_SstI 

<400> 12 

tcrgagcrcc cgcggtccag tg tttcactic ttatg 
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